In the biosynthesis of ovarian estrogen, the final step is known to be an aromatization of androgen. There have been two kinds of theories as to the site of aromatization in the ovary, "theca interna cell theory" ("one cell theory") (4, 6, 27, 35) and "two cell theory" (1, 7-9, 10, 16, 18, 19, 26, 33) . The former considers that the whole process of estrogen biosynthesis takes place in the theca interna cell, while the latter postulates that the theca cell synthesizes androgen which is transported to the granulosa cell to be converted to estrogen by its aromatization (7, 8, 10, 18, 19, 26) . Though the "two cell theory" has recently become much more popular among biochemists and gynecologists by some in vitro studies (7, 8, 10, 18, 19, 26) , the morphological approach using in vivo tissue is needed to solve the problem as to the site of aromatization. The present immunocytochemical study was planned to clarify the in vivo localization of aromatase in the ovarian tissues of various species of animals.
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MATERIALS AND METHODS
ANIMALS AND TISSUES Materials were ovaries obtained from 15 normal Wistar rats, (14, 21 , and 28 day-old, 6 and 8 week-old), 5 ddY mice (28 day-old), 4 guinea pigs (6 and 10 weekold), 4 golden hamsters (5 and 8 week-old), 4 adult cows and 4 adult humans (39-45 year-old) suffering from various kinds of gynecological disorders. In addition, 2 human term placentas were used as the positive control for the aromatase antibody and the source of crude antigen.
The rats, mice, golden hamsters and guinea pigs were perfused via the left ventricle with periodate-lysie-paraformaldehyde (PLP) fixative (20) or Zamboni's solution (39) , and the ovaries were removed and cut into small pieces. Then they were immersed in the same fixative for about 8-24 hr. The materials of humans and cows were cut into small pieces and immersed in the same fixative for 12-24 hr.
Following fixation, the tissue samples were rinsed in 10%, 15%, and 20% sucrose-PBS solution for 4-6 hr. Then, the tissue blocks were frozen and cut in an Ames Cryostat II (Miles) at 6µm thickness. The frozen sections were mounted on albumin-coated glass slides or gelatin-coated glutaraldehyde-treated glass slides.
ANTIBODY
Anti-human placental aromatase II cytochrome P-450 antibody was used for this study. All the procedures for purification of the antigen (aromatase), production of the antibody, and the immunoreactivity of the antibody for antigen have been already published (28, (30) (31) (32) .
It has also been shown that human, baboon and horse placental androstenedione aromatases have a common antigenic structure (31) .
IMMUNOCYTOCHEMICAL STAINING
The immunocytochemical stainings were performed mainly by peroxidaseantiperoxidase complex (PAP) method (36) , and partially by indirect fluorescent antibody method.
Before incubation, some of the sections were immersed for 30 min in methanol containing 0.003% H2O2 for blocking of endogeneous peroxidase reaction. The procedure of the PAP method involved the following steps.
(1) incubation with anti-aromatase serum (1:500-1000 for the tissue preparations of rodents and cows, 1:1000-2000 for the tissue preparations of human) at room temperature for 12 hr. For indirect fluorescent antibody method, fluorescein isothiocyanate (FITC)-conjugated goat anti-rabbit IgG (1:40, Miles-Veda LTD.) was used as the second layer and the sections were examined with a fluorescent microscope (Nikon, Fluophoto microscope).
CONTROLS
The procedures for controls of the immunocytochemical staining were as follows. (1) The sections of the human placentas were used as positive control (all three layers were applied).
(2) The rabbit anti-aromatase serum was replaced by the normal rabbit serum. (3) The rabbit anti-aromatase serum was omitted. (4) The rabbit anti-aromatase serum was replaced by the antiserum preabsorbed with the crude antigen extract of the human placenta. (5) Both the first and second antibodies were omitted, and only PAP complex was applied. (6) The second antibody (goat anti-rabbit IgG) was replaced by normal goat serum.
(7) All three antibodies were omitted, and the materials were incubated with only substrate solution to detect the occurrence of endogeneous peroxidase.
RESULTS

RAT OVARIES
In 14 day-old rats, most ovarian follicles were primary or small secondary in stage without antrum. There were a very small number of theca cells surrounding the secondary follicles, and some interstitial cells located among these follicles. It is difficult to distinguish the theca interna and theca externa. The theca cells as well as interstitial gland cells of the young animals showed positive immunoreaction to the anti-aromatase antibody, while the granulosa cells were completely negative (Fig. la) .
Follicles having a large or small antrum were usually seen in 21 day-old rats, and the interstitial gland cells, cuboidal or polymorphic in shape, were increased in number among usual and atretic follicles. Both the theca interna cells and interstitial gland cells were distinctly positive for aromatase, while the granulosa cells were negative (Fig. 1b) .
In the ovaries of 28 day-old rats, a few large follicles forming cumulus oopholus appeared. The interstitial gland cells occupied a large part of the interstitial tissue of the ovarian cortex. The strong immunoreactivity for aromatase was localized on the theca interna cells as well as interstitial gland cells. The granulosa cells did not show any reactivity for aromatase (Fig. 1c) .
In the ovaries of 6 week-old rats, corpora lutea and follicles in various developmental stages were seen. The interstitial gland developed well and occupied most of the interstitium of the ovarian cortex. The theca interna cells, interstitial gland cells and corpus luteum cells were always positive to the aromatase antibody showing brownish reaction products by the PAP method (Figs. l e, 2) and greenish fluorescence of FITC by the indirect fluorescent antibody method (Fig. 3a) . The granulosa cells of most follicles were negative for aromatase, though the cells only in the preovulatory large follicles showed a weakly positive reaction by both methods (Figs. id, lf) .
OVARIES OF OTHER RODENTS
A positive reaction for aromatase appeared on the theca interna cells and interstitial gland cells of the ovaries in 4 week-old mice (Fig. 3b) , 5 week-old golden hamsters (Fig. 3d ) and 6 week-old guinea pigs (Fig. 3c) . The corpus luteum cells, theca interna cells and interstitial gland cells showed strong immunoreactivity to the aromatase antibody in the ovaries of 8 week-old golden hamsters and 10 week-old guinea pigs. The granulosa cells of all these animals were negatively stained. 
OVARIES OF COWS
Mature cow ovaries consist of ovarian follicles in various developmental stages, corpus luteum and interstitial tissues, without interstitial gland cells. The theca interna cells and corpus luteum cells had well reacted sites to aromatase antibody, while the granulosa cells were completely negative (Figs. 4a, 4b ).
HUMAN OVARIES
Owing to the difficulty in obtaining human ovarian tissues, preovulatory large follicles of the human ovary were not observed, and small and intermediate follicles with a moderate antrum were examined in this study. Immunoreactive products for aromatase were seen on the theca interna cells of these small and intermediatesized follicles and on all the corpus luteum cells (Fig. 4c) , and no reactions took FIGS. 3a-d. Aromatase immunoreactivity in various rodent ovaries (fluorescent antibody method (3a, 3b) and PAP (3c, 3d)). 3a and 3b. Immunofluorescent staining for aromatase in the ovaries of 6 week-old rat (3a) and 4 week-old mouse (3b). Note the bright fluorescence in theca interna cells (T) and interstitial gland cells (I). 3a x 200, 3b x 90 3c and 3d. Ovaries of 6 week-old guinea pig (3c) and 5 week-old golden hamster (3d). Theca interna cells (T) and interstitial gland cells (I) are positive for aromatse. 3c x200, 3d X 120 place on the granulosa cells. 5. HUMAN PLACENTA In human placenta, the aromatase antibody showed a strong reactivity on the cytoplasm of the chorionic villous epithelium (Fig. 4d) . No reaction products were recognized on the interstitial tissue of the chorionic villi nor on the vascular endothelium.
CONTROLS
The aromatase antibody reacted strongly with the chorionic villous epithelium of the human placenta which was the source of the aromatase antigen (Fig. 4d) . In the case without blocking of endogenous peroxidase, the pseudoperoxidase reaction of erythrocytes appeared, but no other specific reaction was detected. The positive reaction of aromatase antibody was easily distinguished from the pseudoperoxidase reaction of the erythrocyte.
No specific reaction products were observed when the first antibody was omitted or replaced by normal rabbit serum (Fig. 5b) . In the case of replacing the rabbit anti-aromatase antibody by the antiserum preabsorbed with the crude antigen extract of the human placenta, the specific reaction was extensively vanished (Fig.  5a) .
Reaction products were not detected, when the second layer was replaced by the normal goat serum or when both the first and second layers were omitted. When all three layers were omitted and the sections were incubated in the substrate solution, only the pseudoperoxidase reaction of the erythrocyte was seen. No reaction products were recognized after the treatment with methanol-H202 for blocking the endogeneous peroxidase activity in this substrate incubation.
DISCUSSION
The present study represents the immunocytochemical demonstration of the enzyme "aromatase" in the ovaries of various species of rodents, cow, and human.
As the microsomes prepared from the ovarian tissue have less aromatase activity than those from the placenta (38) and the total amount of this enzyme molecule is relatively smaller in the ovarian tissue, the purification of aromatase from the ovarian tissue is very difficult. The purification of this enzyme has been achieved only from the placenta (2, 13, 28, 29) , and the anti-human aromatase II cytochrome P-450 antibody which is prepared against the purified preparation of human placental aromatase II cytochrome P-450 by Osawa and Nakamura (31) may now be applied for the study of immunocytochemical localization of this enzyme. Osawa and his co-workers also showed that aromatase II is composed of two distinct components, aromatase II cytochrome P-450 and aromatase II NADPH cytochrome P-450 reductase (28, 29) , and it has been considered that the reductase portion possesses a common function and structure with other mixed function enzyme, while the P-450 portion has been considered to be specific for estrogen biosynthesis (31) . The experimental enzymological study showed that there is a common antigenic structure for the anti-aromatase II cytochrome P-450 antibody among aromatases of several species of animals (31) .
In the present study, it has become clear that the theca interna cells, interstitial gland cells and corpus luteum cells of the mature as well as immature ovary consistently represent a positive immunoreaction to the anti-aromatase II cytochrome P-450 antibody. The granulosa cells of small and intermediate follicles are negatively reacted to the aromatase antibody, though those of only large preovulatory follicles are reacted. These findings might imply that the theca interna cells, interstitial gland cells and corpus luteum cells always possess immunoreactive aromatase and that the granulosa cells acquire the reactivity only after the follicles have grown up into the preovulatory stage. These facts mean that the theca cells and interstitial cells, which have been believed to produce androgens from cholesterol, also have an activity for the final step of estrogen synthesis, and only in the preovulatory large follicle the granulora cells could convert androgens, which are transfered from the theca cells, to estrogens. The granulosa cells in the preovulatory large follicle may play an important role in increasing the estrogen level in the antral fluid. In fact, biological analyses have indicated that the antral fluid of the preovulatory large follicles are enriched with estrogen (21, 34).
Suzuki and Tamaoki (37) showed that the concentration of 179-estradiol in the serum and ovary is decreased immediately after the injection of LH into the PMSG (pregnant mare serum gonadotropin) -pretreated immature female rats, while the aromatase activity is significantly increased in these ovaries having developed corpora lutea. It has been known that the corpus luteum of the equine ovary lacks an ability to produce estrogens from progesterone but have an ability to synthesize estrogens from androstendione or testosterone (17) . This biological result which means the occurrence of the aromatase activity in the corpus luteum cell, coincides well with our immunocytochemical study showing that immunoreactive aromatase is positive in the corpus luteum.
Biochemical studies showed that the isolated granulosa cells of the large follicle, which are separated from theca interna cells and destined to lose normal follicular arrangement, have the property of natural luteinization in the in vitro system of culture (3, 11, 15) . The discrepancy between the "two cell theory", which is mainly based on in vitro culture studies, and our results in the present study might be solved by the precise investigation of the luteinization process of the granulosa cell and of the spontaneous transition of the enzymatic activity of the cultured granulosa cell.
Many experiments for the "two cell theory" have dealt with the in vitro assay of the enzyme activity using external substrate (7, 8, 10, 16, 18, 19, 22-24, 26, 33) . The possibility that both the granulosa cells and the theca interna cells lose some significant structural functions which may be maintained by the characteristic arrangement of these two type cells in the ordinary architecture of ovarian follicle always accompanies these in vitro experiments.
It is well known that the occurrence of lipid droplets, well developed smooth endoplasmic reticulum and tubulovesicular cristae of mitochondria is characteristic for steroid secretory cell (14) . The theca interna cells, interstitial gland cells and corpus luteum cells show these structures in their cytoplasm (5, 12, 14, 25) , and it is reasonable to consider in morphological aspects that these cells have an activity to produce estrogens.
In conclusion, it has become clear in the present study that theca interna cells and interstitial gland cells consistently show immunoreactivity to the anti-aromatase II cytochrome P-450 antibody and these cells presumably have a fundamental property for the biosynthesis and secretion of estrogen. In addition, granulosa cells only in the large preovulatory follicle and all the corpus luteum cells react to the aromatase antibody. The granulosa cells are considered to obtain the aromatase activity after the preovulatory stage in the rat.
